###### Key messages

What is already known about this subject?
=========================================

-   In the AMBITION study, patients with connective tissue disease-associated pulmonary arterial hypertension (CTD-PAH) benefited from initial combination therapy with ambrisentan plus tadalafil compared with either agent alone, when patients with risk factors for left heart disease were excluded.

What does this study add?
=========================

-   In this post hoc analysis of the modified intention-to-treat population of the AMBITION study, initial combination therapy with ambrisentan and tadalafil provided benefit compared with initial monotherapy with either agent alone in patients with CTD-PAH or systemic sclerosis (SSc)-pulmonary arterial hypertension (PAH). The effect was most pronounced in patients with haemodynamic parameters characteristic of typical PAH without features of left heart disease and/or restrictive lung disease at baseline.

-   This analysis also assessed the clinical utility of a three-parameter non-invasive risk stratification score. Overall, higher risk stratification at baseline was correlated with subsequent clinical failure events. A potential trend for lower risk of clinical failure with combination therapy compared with monotherapy in all risk groups was observed in both CTD-PAH and SSc-PAH populations. The clinical utility of a simplified risk category at follow-up (week 16) was limited, but when used, the risk of clinical failure was lower in patients undergoing combination therapy versus monotherapy in the low-risk group.

###### Key messages

How might this impact on clinical practice or future developments?
==================================================================

-   Combination therapy is appropriate for patients with typical PAH categorised as low and intermediate risk at baseline, while high-risk patients could possibly be considered for more advanced therapy. On reassessment of risk at follow-up, those remaining in the intermediate-risk category or deteriorating to the high-risk category may potentially benefit from escalation of therapy.

-   A simplified risk stratification score at baseline may help inform disease management in patients with CTD-PAH, but further studies with larger patient populations are required.

Introduction {#s1}
============

Pulmonary arterial hypertension (PAH) is a progressive, life-threatening disease.[@R1] Connective tissue disease-associated pulmonary arterial hypertension (CTD-PAH) is the second-most common aetiology; it has a range of underlying features, the most severe disease characteristics and the highest mortality of all PAH subgroups.[@R3] Almost 75% of CTD-PAH cases are related to systemic sclerosis (SSc), which has a poor prognosis compared with other CTDs, with a 3 year survival rate of just 56%.[@R4]

The current treatment strategy in PAH is based on assessment of disease severity at diagnosis, and subsequent treatment escalation based on the patient's condition.[@R9] The 2015 European Society of Cardiology (ESC) and European Respiratory Society (ERS) guidelines and 2018 World Symposium of Pulmonary Hypertension consensus recommend the use of risk stratification to guide treatment decisions, classifying patients as low, intermediate or high-risk.[@R10] However, the clinical utility of risk stratification in patients with CTD-PAH or SSc-PAH has not yet been established.[@R11]

The Ambrisentan and Tadalafil in Patients with Pulmonary Arterial Hypertension (AMBITION) study demonstrated a reduced risk of clinical failure in treatment-naive patients with PAH receiving initial ambrisentan plus tadalafil compared with initial monotherapy of either agent.[@R12] A subanalysis of AMBITION and a separate clinical trial showed that combination therapy with ambrisentan and tadalafil is effective in the treatment of CTD-PAH and SSc-PAH.[@R8] Additionally, although SSc-PAH is typically less responsive to therapy than other forms of PAH, significant improvements in haemodynamic measurements (such as cardiac index, mean pulmonary artery pressure (mPAP) and pulmonary vascular resistance (PVR)) were observed in response to ambrisentan plus tadalafil compared with monotherapy, suggesting that these haemodynamic measurements have prognostic value.[@R8]

The AMBITION protocol was amended during the trial to exclude patients with less pronounced haemodynamics and/or multiple risk factors for left heart disease.[@R12] The primary analysis set (PAS) included patients who met these amended criteria; the modified intention-to-treat (mITT) population comprised all randomised patients who received study drug, including those who did not meet the revised eligibility criteria (ex-PAS). The mITT population included an additional 29 patients with CTD-PAH, 19 of whom had SSc-PAH. Results for the PAS population[@R12] and a post hoc analysis of the CTD-PAH and SSc-PAH subgroups in the PAS[@R13] have been published, as has a post hoc analysis of the mITT population, which found that initial combination therapy may be associated with improved long-term survival compared with initial monotherapy.[@R14]

This post hoc subgroup analysis of the AMBITION mITT-CTD-PAH population assessed the relationship between baseline characteristics (including haemodynamic parameters) and outcome, and evaluated the utility of an abbreviated, three-parameter non-invasive risk stratification score in predicting outcomes in patients with CTD-PAH.

Methods {#s2}
=======

Study design {#s2-1}
------------

This was a post hoc subgroup analysis of the mITT-CTD-PAH population and SSc-PAH subpopulation of the AMBITION study.[@R12] Patients were randomised 2:1:1 to receive one time per day combination therapy (ambrisentan 10 mg plus tadalafil 40 mg) or monotherapy (ambrisentan 10 mg plus placebo or tadalafil 40 mg plus placebo). Details of the study design have been described previously.[@R12]

Patient and public involvement {#s2-2}
------------------------------

Patients were not involved in the design of this study nor in the post hoc analysis.

Patient population {#s2-3}
------------------

The patient population has been described previously.[@R12] During the study, a blinded interim review revealed a high prevalence of risk factors for left ventricular diastolic dysfunction; therefore, eligibility criteria were amended so that patients with ≥3 of the following risk factors for left ventricular diastolic dysfunction were excluded: body mass index ≥30 kg/m^2^, history of essential hypertension, diabetes mellitus and significant coronary artery disease. In addition, inclusion criteria for the diagnosis of PAH were modified: PVR increased from ≥240 to ≥300 dyne·/sec/cm^5^; for patients with a PVR 300--499 dyne·sec/cm^5^, a pulmonary arterial wedge pressure (PAWP)/left ventricular end diastolic pressure of ≤12 mm Hg was required (PAS population).[@R12] This analysis included all patients (PAS and ex-PAS) who were randomised and received ≥1 dose of study drug (mITT population).

Assessments {#s2-4}
-----------

The AMBITION trial[@R12] primary endpoint was the time from randomisation to the first adjudicated clinical failure. Clinical failure was defined as death (any cause), hospitalisation for worsening PAH, disease progression (defined as a decrease of \>15% in 6 min walking distance (6MWD) from baseline combined with WHO Functional Class (WHO-FC) III/IV symptoms at two consecutive study visits ≥2 weeks apart), or unsatisfactory long-term clinical response (decrease in 6MWD from baseline (at two consecutive study visits ≥2 weeks apart)), together with WHO-FC III symptoms after 6 months of therapy. Secondary endpoints included change from baseline to week 24 in N-terminal pro-B-type natriuretic peptide (NT-proBNP) and 6MWD.

Time to clinical failure (TtCF) for the following baseline subgroups was investigated (median values were used for continuous variables): age (≤/\>63 years); SSc-PAH diagnosis (yes/no); haemodynamic parameters (mPAP (≤/\>43 mm Hg)); PVR (≤/\>593.5 dyne·sec/cm^5^); PAWP (≤/\>9 mm Hg); cardiac index (≤/\>2.5 L/min/m^2^); transpulmonary pressure gradient (TPG, ≤/\>34 mm Hg)); pulmonary function test parameters (forced expiratory volume in one second (FEV~1~, % predicted normal) ≤/≥79.025%); total lung capacity (TLC, % predicted normal) ≤/\>86.11%); ≥1 comorbidity or no comorbidities, included in the PAS population (yes/no); immunosuppressant use (yes/no); and abbreviated risk category (low, intermediate or high). These parameters were selected as they have been identified as predictors of poor outcome in prior studies.[@R10]

This study also assessed the clinical utility of an abbreviated version of the risk assessment method proposed in the 2015 ESC/ERS PAH guidelines.[@R10] Risk score was determined at baseline and week 16 based on three parameters graded 1 (low risk), 2 (intermediate risk) or 3 (high risk), according to thresholds defined in the 2015 ESC/ERS PAH guidelines[@R10]: 6MWD (low, \>440 m; intermediate, 165--440 m; and high, \<165 m), NT-proBNP (low, \<300 ng/L; intermediate, 300--1400 ng/L; and high, \>1400 ng/L) and WHO-FC (low, I or II; intermediate, III; and high, IV). This grading method was based on a previous analysis of the Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary Hypertension (COMPERA) database.[@R20] A mean grade was obtained by dividing the sum of all grades by the number of available parameters for each patient/time point and rounded to the closest integer. Transition from baseline to week 16 was categorised as improved, maintained or exacerbated. Patients in the high-risk subgroup at baseline and week 16 were included in the exacerbated group. TtCF after week 16 was analysed by week 16 abbreviated risk score category. Week 16 was selected rather than week 24 to minimise the number of events excluded. Risk stratification in the CTD-PAH population was also assessed according to the French registry non-invasive method (ie, stratification by number of ESC/ERS low-risk criteria[@R10] fulfilled for WHO-FC, NT pro-BNP and 6MWD) at baseline and week 16.[@R19]

Safety was assessed through incidence of adverse events (AEs). Efficacy and safety assessments were performed at screening and randomisation visits, at weeks 4, 8, 16, 24 and every 12 weeks thereafter, at the final assessment visit and at the end-of-study visit.

Statistical analysis {#s2-5}
--------------------

The Kaplan--Meier product limit method was used to generate curves for TtCF. HRs and associated 95% CIs were calculated using Cox proportional hazards regression. For the subgroup analyses, the regression model included a term for subgroup by treatment interaction. All analyses are post hoc; therefore, p values are not presented, except where a HR cannot be calculated due to no clinical failure events. For the Cox proportional hazards regression, where there was evidence of non-proportional hazards, restricted mean survival time was calculated based on time from randomisation to first clinical failure event or week 48 (area under the curve for each group). Week 48 was selected as the time point because it provided a sufficient sample size. For 6MWD, missing values when calculating change from baseline to week 24 were imputed using last-observation-carried-forward imputation or worst-case imputation.[@R12]

Results {#s3}
=======

Study population {#s3-1}
----------------

This analysis included 216 patients with CTD-PAH (combination therapy, n=117; monotherapy (pooled), n=99) from the mITT population (n=605) ([figure 1](#F1){ref-type="fig"}). Most patients were female and age was higher in the SSc-PAH group than in the CTD-PAH group; other disease characteristics were similar ([table 1](#T1){ref-type="table"}).

###### 

Baseline demographics and clinical characteristics

                                             PAH-CTD           PAH-SSc                               
  ------------------------------------------ ----------------- ------------------ ------------------ -----------------
  Mean age (SD) (years)                      59.1 (12.1)       58.3 (13.0)        62.6 (8.9)         60.8 (10.3)
  Female, n (%)                              101 (86)          88 (89)            67 (83)            49 (88)
  WHO-FC, n (%)                                                                                      
   II                                        33 (28)           30 (30)            23 (28)            17 (30)
   III                                       84 (72)           69 (70)            58 (72)            39 (70)
  6MWD (m)                                                                                           
   Mean (SD)                                 326 (89)          330 (96)           319 (91)           336 (95)
   Median                                    334               347                330                355
  Haemodynamic criteria                                                                              
   RAP (mm Hg), mean (SD)\*                  7.4 (4.2)         7.7 (4.4)          7.2 (4.1)          7.6 (4.5)
   CI (L/min/m^2^), mean (SD)†               2.6 (0.6)         2.7 (0.7)          2.6 (0.6)          2.6 (0.6)
   PAP (mm Hg), mean (SD)                    42.6 (10.6)       43.7 (10.6)        42.3 (10.7)        43.4 (10.8)
   PAWP (mm Hg), mean (SD)‡                  8.5 (3.2)         9.6 (3.4)          8.4 (3.0)          9.2 (3.3)
   PVR (dyne s/cm^5^), mean (SD)             638 (282)         627 (277)          639 (279)          633 (291)
   Median (Q1--Q3) NT-proBNP (ng/L)§         978 (309--2757)   1047 (337--2334)   1261 (265--3144)   871 (332--2312)
  Prior medications, n (%)                                                                           
   Immunosuppressants                        17 (14.5)         15 (15.2)          6 (7.4)            6 (10.7)
   Oral corticosteroids                      22 (18.8)         21 (21.2)          12 (14.8)          9 (16.1)
   Median days from diagnosis to treatment   23                25                 23                 19.5
   Mean % predicted TLC (SD)¶                88.3 (15.83)      88.1 (19.52)       88.9 (16.82)       90.2 (21.65)
   Mean % predicted FEV~1~ (SD)              85.1 (19.27)      81.2 (16.32)       87.3 (20.38)       85.8 (17.38)

\*Data not available in some patients (PAH-CTD: combination therapy, n=115).

†Data not available in some patients (PAH-CTD: monotherapy, n=98; SSc-PAH: monotherapy, n=55).

‡Data not available in some patients (PAH-CTD: combination therapy, n=115; monotherapy, n=97; SSc-PAH: combination therapy, n=80; monotherapy, n=54).

§Data not available in some patients (PAH-CTD: combination therapy, n=111; monotherapy, n=97; SSc-PAH: combination therapy, n=77; monotherapy, n=55).

¶Data not available in some patients (PAH-CTD: combination therapy, n=116; monotherapy, n=98; SSc-PAH: combination therapy, n=80; monotherapy, n=56).

CI, cardiac index; CTD, connective tissue disease; FEV~1~, forced expiratory volume in one second; 6MWD, 6 min walking distance; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PAH, pulmonary arterial hypertension; PAP, pulmonary arterial pressure; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular resistance; Q, quartile; RAP, right arterial pressure; SSc, systemic sclerosis; TLC, total lung capacity; WHO-FC, WHO Functional Class.

![Participant disposition and aetiology: (A) population distribution among treatment arms and (B) CTD-PAH population aetiologies (post hoc summary). \*Five patients did not receive the study drug. CTD, connective tissue disease; ITT, intention to treat; MCTD, mixed connective tissue disease; mITT, modified intention to treat; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis; SLE, systemic lupus erythematosus.](annrheumdis-2019-216274f01){#F1}

Time to clinical failure {#s3-2}
------------------------

The risk of clinical failure was 51.7% lower in the combination therapy group than in the monotherapy group in the CTD-PAH population (HR 0.483, 95% CI 0.286% to 0.817%) and 53.7% lower in the SSc-PAH population (HR 0.463, 95% CI 0.240% to 0.895%) ([figure 2](#F2){ref-type="fig"}).

![Kaplan-Meier plots of time to first adjudicated clinical failure in the modified intention-to-treat population: (A) connective tissue disease-associated pulmonary arterial hypertension and (B) systemic sclerosis pulmonary arterial hypertension. 95% CIs (using log--log transform method) are presented for each treatment group at weeks 4, 8, 16 and 24, and then every 12 weeks up to week 96.](annrheumdis-2019-216274f02){#F2}

Change in NT-proBNP and 6MWD from baseline to week 24 {#s3-3}
-----------------------------------------------------

In CTD-PAH and SSc-PAH populations, the decrease in geometric mean NT-proBNP levels and the increase in 6MWD from baseline to week 24 were greater in patients receiving combination therapy than monotherapy ([online supplementary table S1](#SP3){ref-type="supplementary-material"}).
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TtCF by baseline subgroup {#s3-4}
-------------------------

In the CTD-PAH population, a trend for lower risk of clinical failure with combination therapy versus monotherapy was observed for all baseline subgroups, except PVR≤593.5 dyne·sec/cm^5^ and ex-PAS; however, data should be interpreted cautiously due to large CIs. The risk of clinical failure was lower in patients undergoing combination therapy versus monotherapy for the following baseline haemodynamic characteristics: mPAP \>43 mm Hg: HR 0.46, 95% CI 0.24 to 0.89; PVR \>593.5 dyne·sec/cm^5^: HR 0.25, 95% CI 0.13 to 0.51; TPG \>34: HR 0.35, 95% CI 0.18 to 0.68; PAWP ≤9 mm Hg: HR 0.32, 95% CI 0.15 to 0.69; cardiac index ≤2.5 L/min/m^2^: HR 0.34, 95% CI 0.18 to 0.67; and TLC \>86.11%: HR 0.30, 95% CI 0.15 to 0.61 ([figure 3](#F3){ref-type="fig"}). The risk of clinical failure was also lower with combination therapy versus monotherapy in the PAS population, patients aged ≤63 years, patients who were not receiving baseline immunosuppressants, patients with ≥1 comorbidity and patients with no comorbidities ([figure 3](#F3){ref-type="fig"}). For analyses showing evidence of non-proportional hazards (PVR \>593.5 dyne·sec/cm^5^, cardiac index ≤2.5 L/min/m^2^ and no comorbidities), restricted mean survival times are detailed in [online supplementary table S2](#SP3){ref-type="supplementary-material"}.

![Forest plot of time to first adjudicated clinical failure: combination therapy versus monotherapy (pooled) per baseline subgroup. \*Significant treatment by subgroup interaction; †evidence of non-proportionality (see [online supplementary table S2](#SP3){ref-type="supplementary-material"}); ‡hypertension, diabetes and coronary artery disease; §low-risk valid HR could not be calculated; ¶indication for immunosuppressant use unknown. FEV~1~, forced expiratory volume in one second; mPAP, mean pulmonary arterial pressure; NA, not applicable; PAS, primary analysis set; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular resistance; SSc, systemic sclerosis; TLC, total lung capacity; TPG, transpulmonary pressure gradient.](annrheumdis-2019-216274f03){#F3}

Risk stratification {#s3-5}
-------------------

When using the abbreviated COMPERA risk stratification method, at baseline, 27/216 (12.5%) patients were classified as low risk, 179/216 (82.9%) as intermediate risk and 10/216 (4.6%) as high-risk. In the CTD-PAH population, the risk of clinical failure was lowest for patients in the low-risk group and highest in the high-risk group (low vs high: HR 0.192, 95% CI 0.047 to 0.777) ([figure 4A](#F4){ref-type="fig"}). Kaplan--Meier curves demonstrated a potential trend towards lower risk of clinical failure with combination therapy versus monotherapy in all risk groups at baseline ([figure 4B](#F4){ref-type="fig"}). The risk of clinical failure was lower with combination therapy than monotherapy in the intermediate-risk group (intermediate-risk: HR 0.519, 95% CI 0.297 to 0.905). However, in the high-risk group, although a trend towards a lower risk of clinical failure with combination therapy versus monotherapy was observed (HR 0.197, 95% CI 0.022 to 1.803), the sample sizes were small (combination therapy, n=4; monotherapy, n=6). Additionally, in the low-risk group, no HR could be calculated due to no events in the combination therapy group; however, comparison by log-rank test supported a lower risk of clinical failure with combination therapy versus monotherapy ([figure 4B](#F4){ref-type="fig"}).

![Kaplan-Meier curves for time to clinical failure in the CTD-PAH population by risk category according to the abbreviated COMPERA method at baseline and week 16: (A) baseline CTD-PAH: overall, (B) baseline CTD-PAH: combination versus monotherapy (pooled), (C) week 16 CTD-PAH: overall and (D) week 16 CTD-PAH: combination versus monotherapy (pooled (low risk and intermediate risk only)). \*NO HR calculation due to NO event in the combination therapy group (log-rank test: p=0.048). Week 16 Kaplan-Meier plots were described based on the period from week 16 to the last assessment visit. Patient numbers were too low in the week 16 high-risk group to provide a meaningful comparison. CTD-PAH, connective tissue disease-associated pulmonary arterial hypertension.](annrheumdis-2019-216274f04){#F4}

At week 16, 19 patients had missing data; 55/197 (28%) patients were classified as low risk, 135/197 (69%) as intermediate risk and 7/197 (4%) as high risk. No significant difference was observed between treatment groups in the proportion of patients who improved, maintained or worsened from baseline to week 16 ([online supplementary table S3](#SP3){ref-type="supplementary-material"}). Risk of clinical failure on or after week 16 was lowest in the low-risk group and highest in the high-risk group (low vs high: HR 0.198, 95% CI 0.067 to 0.580) ([figure 4C](#F4){ref-type="fig"}). The risk of clinical failure after week 16 was lower with combination therapy versus monotherapy for patients in the week 16 low-risk group (HR 0.069, 95% CI 0.009 to 0.548); no significant difference between treatments was observed in the week 16 intermediate-risk group (HR 0.705, 95% CI 0.372 to 1.337) ([figure 4D](#F4){ref-type="fig"}). At week 16, patient numbers were insufficient in the high-risk group to allow a meaningful comparison between treatment groups.

Findings showed a similar pattern in the SSc-PAH population compared with the CTD-PAH population ([online supplementary figure S1](#SP1){ref-type="supplementary-material"}).
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When assessed via the French registry non-invasive method, patients fulfilling two or three low-risk criteria at baseline or week 16 had a significantly lower risk of subsequent clinical failure than those fulfilling 0 criteria ([online supplementary figure S2](#SP2){ref-type="supplementary-material"}). The risk of clinical failure at week 16 was lower with combination therapy versus monotherapy in patients fulfilling two or three criteria ([online supplementary figure S2](#SP2){ref-type="supplementary-material"}).

10.1136/annrheumdis-2019-216274.supp2

Safety {#s3-6}
------

Overall, there was a similar AE profile across both treatment groups in the CTD-PAH and SSc-PAH populations ([table 2](#T2){ref-type="table"}). The most common AEs in both treatment groups were peripheral oedema and headache. Peripheral oedema was more common with combination therapy than monotherapy (both CTD-PAH and SSc-PAH) ([table 2](#T2){ref-type="table"}).

###### 

Summary of AEs in patients with CTD-PAH and SSc-PAH (mITT population)

  Number of patients with an AE, n (%)   CTD-PAH    SSc-PAH                                 
  -------------------------------------- ---------- --------- --------- --------- --------- ---------
  AEs\*                                                                                     
  Any AE                                 116 (99)   50 (96)   45 (96)   80 (99)   27 (96)   27 (96)
  Peripheral oedema                      56 (48)    20 (38)   14 (30)   37 (46)   9 (32)    9 (32)
  Headache                               40 (34)    18 (35)   18 (38)   24 (30)   9 (32)    10 (36)
  Diarrhoea                              34 (29)    17 (33)   12 (26)   23 (28)   5 (18)    9 (32)
  Dizziness                              21 (18)    15 (29)   12 (26)   13 (16)   7 (25)    7 (25)
  Dyspnoea                               25 (21)    12 (23)   10 (21)   20 (25)   5 (18)    6 (21)
  Nausea                                 21 (18)    12 (23)   11 (23)   13 (16)   6 (21)    8 (29)
  Arthralgia                             20 (17)    7 (13)    12 (26)   10 (12)   3 (11)    4 (14)
  Cough                                  19 (16)    5 (10)    11 (23)   13 (16)   0         7 (25)
  Serious AEs^†^                                                                            
  Any serious AE                         53 (45)    20 (38)   24 (51)   36 (44)   12 (43)   17 (61)
  Pulmonary hypertension                 7 (6)      4 (8)     6 (13)    4 (5)     1 (4)     5 (18)
  Pneumonia                              10 (9)     4 (8)     3 (6)     5 (6)     4 (14)    2 (7)
  Dyspnoea                               4 (3)      2 (4)     2 (4)     4 (5)     1 (4)     2 (7)
  Anaemia                                5 (4)      1 (2)     3 (6)     4 (5)     1 (4)     1 (4)

\*AEs occurring in ≥25% of patients in any group.

†Serious AEs occurring in \>4% of patients in any group.

AE, adverse event; CTD, connective tissue disease; mITT, modified intention to treat; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis.

Discussion {#s4}
==========

In this post hoc analysis of the AMBITION study mITT population, initial combination therapy of ambrisentan and tadalafil was more effective than monotherapy in reducing the risk of clinical failure: 51.7% reduction in patients with CTD-PAH and 53.7% reduction in patients with SSc-PAH. The risk of clinical failure in the CTD-PAH population was lower with combination therapy versus monotherapy for most baseline haemodynamic characteristic subgroups.

The benefit of combination therapy over monotherapy was pronounced in patients with baseline haemodynamic parameters characteristic of typical PAH, such as high PVR, low cardiac index, high TPG and low PAWP. By contrast, in patients with an increased risk of left heart disease (low PVR and high PAWP) and/or restrictive lung disease (low TLC), the benefit of combination therapy was less pronounced. Therefore, in the ex-PAS population (an older subgroup of patients with more cardiovascular comorbidities),[@R21] less benefit may be gained from combination therapy.[@R22] Further research to determine the optimal treatment approach in addition to standard PAH therapies is required for this population.

The overall treatment goal in PAH is to achieve or maintain low-risk status[@R10]; therefore, classification of low-risk at baseline or transitioning to low-risk status at week 16 is expected to be associated with improved outcomes.[@R19] Overall, higher risk stratification at baseline and week 16 was correlated with higher risk of clinical failure. When stratified by baseline risk group, Kaplan-Meier plots suggested a potential trend towards lower risk of clinical failure with combination therapy versus monotherapy in all risk groups (CTD-PAH and SSc-PAH populations); however, patient numbers in the high-risk groups were small.

When stratified by risk group at week 16, Kaplan--Meier plots showed a clear benefit for low-risk patients receiving combination therapy versus monotherapy. For patients at intermediate risk, combination therapy provided a reduced risk of clinical failure versus monotherapy from week 16--100, then the lines converged and plateaued. This suggests that combination therapy may delay, but not prevent, progression in patients considered intermediate risk at follow-up; therefore, these patients and low-risk patients on monotherapy may benefit from escalation of therapy. Additionally, patients considered high risk at baseline or deteriorating to the high-risk group at follow-up may benefit from an escalation of therapy, but patient numbers were insufficient to draw meaningful conclusions. Clinical evaluation based on the maintenance or improvement of risk score using simplified risk stratification at week 16 may have limited utility in the prediction of future outcomes in this population.

Methods of risk score calculation employed in previous studies often used a higher number of invasive and/or non-invasive parameters than the method employed here.[@R23] For example, a previous analysis of the AMBITION study used the Registry to Evaluate Early and Long-Term PAH Disease Management (REVEAL)risk score to stratify patients by baseline risk score.[@R25] In the current analysis, the utility of an abbreviated COMPERA risk score using three non-invasive parameters was evaluated. This methodology ensured a direct comparison between baseline and week 16 as these non-invasive parameters were assessed at both time points. In addition, stratification using simplified, minimally invasive parameters has been shown to have a predictive value similar to the full REVEAL risk score;[@R26] this technique is likely to be simpler to apply in the clinic compared with those involving invasive parameters.

The lower number of parameters used in the current analysis may partly explain why risk categorisation did not support the benefit of initial combination therapy compared with monotherapy across all risk groups at both time points. Additionally, the non-invasive approach may not adequately discriminate low-risk and intermediate-risk patients. Given that our findings suggest the importance of baseline haemodynamic characteristics in predicting outcomes in patients with CTD-PAH, the addition of haemodynamic information may improve the sensitivity and validity of risk stratification and may help inform disease management.[@R11] Another approach to improve risk stratification could be to use the seven-parameter stratification as per the COMPERA analysis[@R24] for risk stratification at baseline, with the abbreviated four-parameter non-invasive method[@R23] at follow-up. However, in a recent post hoc analysis of the PATENT and CHEST studies,[@R28] an association observed between the number of low-risk criteria achieved and improved outcomes suggested the validity of a three-parameter non-invasive risk assessment method in predicting outcomes in patients with PAH.[@R19]

When we determined risk stratification using the French registry non-invasive method, a higher number of low-risk criteria were associated with a lower clinical failure risk at baseline and follow-up; this is in line with findings using the abbreviated COMPERA method, supporting its validity as a risk assessment tool. Further studies with larger patient populations would be valuable in confirming the clinical utility of risk stratification in predicting outcomes.

AEs were consistent with the known safety profile of ambrisentan and tadalafil in the CTD-PAH population.[@R12] In line with findings in the AMBITION trial,[@R12] peripheral oedema was more common with combination therapy than monotherapy. In patients receiving multiple therapies, a greater number of side effects compared with patients undergoing single therapy are possible, particularly therapies associated with vasodilation.[@R32]

In patients with CTD-PAH, the risk of clinical failure was lower with combination therapy versus monotherapy, particularly in those with baseline haemodynamic parameters characteristic of typical PAH, without features of left heart disease and/or restrictive lung disease. A simplified risk stratification score at baseline using non-invasive parameters may be useful in predicting PAH-related outcomes in patients with CTD-PAH; however, its clinical utility at week 16 is limited. At baseline, Kaplan-Meier curves demonstrated a potential trend towards lower risk of clinical failure with combination therapy versus monotherapy in all risk groups. Combination therapy appeared beneficial compared with monotherapy in the week 16 low-risk group; other groups may benefit from escalated therapy. Incorporating additional haemodynamic information may increase risk stratification validity at follow-up; further research determining the optimal predictive tools in terms of applicability and accuracy at baseline, and follow-up in a large-scale cohort is warranted.
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